Despite a combination of high Hepatitis C virus (HCV) prevalence, a large adult population and high fertility, no published estimates of the scale and contribution of vertical 
Conclusion:
Our results showed that one in 260 children born in Pakistan in 2007 and 2012 acquired HCV vertically. While currently no interventions during pregnancy and childbirth are recommended to reduce this risk, prevention, testing and treatment strategies should be considered to reduce the burden of vertical HCV infections among young children. Other routes of transmission appear to contribute the majority of HCV infections among children and must also be clarified and urgently addressed.
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| INTRODUCTION
Pakistan is a country with one of the highest adult prevalence of Hepatitis C virus (HCV) in the world. 1 A recent systematic review estimated a high overall prevalence of serological evidence of HCV infection (HCV antibody [HCV-Ab] positivity) at >5% among the general adult (15 years and older) population, but noted higher levels in poorer rural and peri-urban areas, and among high-risk populations, such as intravenous drug users, multitransfused patients, prisoners and dialysis patients. 2 The most common HCV genotype in Pakistan appears to be 3, 3 but genotype 2 is also widespread in some provinces. 2, 4, 5 Pakistan has the second largest adult viraemic population in the world at about seven million, 1, 6 the vast majority of which remains undiagnosed. 7, 8 Its population of 189 million (2015) is expected to grow by more than 1.7% annually by 2025, 9 due to a relatively high total fertility rate (3.8 per woman in 2012). 10 The combination of high HCV prevalence, a large affected adult population and high fertility draws focus to the potentially important scale and contribution of vertical transmission to the HCV epidemic in Pakistan.
Six studies (none nationally representative) assessed HCV-Ab prevalence among pregnant women and found that it ranged from 1.8% to 8.6% with a mean of 4.5%, similar to the level in the general population. 2 Only one of these studies, conducted in Karachi, assessed present HCV infection (HCV RNA positivity) among HCV-Ab-positive women (79.7%), 11 comparable to population-level viraemia prevalence among HCV-Ab+ cases globally. 1, 8, [12] [13] [14] Nosocomial transmission appears to be the most important contributor to the ongoing epidemic, and particularly so among women. 2, 15, 16 Factors found to be associated with HCV-Ab positivity among pregnant women included history of blood transfusion, therapeutic injection use, surgery and sharing household items. [17] [18] [19] Additionally, dental procedures and dilatation and curettage, low socio-economic status (including low education and rural residence) and older age were identified as associated with HCV-Ab positivity among females. [20] [21] [22] [23] [24] The most recent population-based nationally representative prev- [27] [28] [29] The main objective of this study is to estimate the number of annual HCV infections resulting from vertical transmission in Pakistan.
The secondary objective is to estimate the proportion of HCV infections among children that arose as a result of vertical transmission.
| MATERIALS AND METHODS

| Model
We based our model on a previously published conceptual framework and modelling approach, where children born to HCV RNA+ women are exposed to the risk of vertical transmission, 30 with minor simplifications to reflect the nature of the data available for Pakistan. We es- The estimates for each region were divided into those occurring in urban and rural areas.
| Parameters
| Demographic estimates
The demographic estimates are based on the population-based na- the United Nations medium variant population projections, 9 and their distribution in the four regions and urban and rural areas within each region, based on the most recent population census from 1998. 32 The
ASFRs were obtained from the DHS reports for both years (Table   (1 
B area (i) S1). We estimated the proportion of HCV-infected infants from both birth cohorts alive at 18 months of age by combining the infant mortality rate per 1000 live births (0-11 months) with six months' (oneeighth) equivalent of the child mortality rate per 1000 live births (12-60 months) estimated on both DHS surveys. The resulting mortality estimates, for Pakistan as a whole, were 8.03% (2007) and 7.61% (2012).
| Epidemiological estimates
The HCV-Ab prevalence as measured in the 2007-2008 national survey was applied to both birth cohorts. The prevalence estimates were available disaggregated by age group or by province or by marital status, but not by all three population characteristics. 25 
| Uncertainty analyses
Uncertainty analyses were performed to specify the ranges of uncer- 
| Contribution of vertical transmission to incidence among children
We were unable to identify any study estimating incidence of HCV or 
| RESULTS
We 
| DISCUSSION
This is the first study to estimate the absolute number and the contribution of vertical transmission to HCV prevalence among children in Pakistan, one of the countries most affected by HCV. To produce our estimates, we adapted a published methodology and used quality epidemiological and demographic input data. We found that ~20 000 children acquire HCV annually as a result of vertical transmission.
While fewer than 60% of Pakistan's population lives in Punjab, this region accounted for three-quarters of HCV vertical transmissions due to the highest HCV prevalence among the four regions examined.
Under the assumption that the prevalence of HCV among women higher than in Egypt, depending on age group).
Our study has several limitations, pertaining primarily to the unavailability of raw data on HCV-Ab prevalence, which would have enabled us to calculate prevalence disaggregated by sex, age group, marital status, region and urban/rural residence. To deal with this issue, we scaled the prevalence for currently married women and by region and interpolated prevalence for the 5-year age groups in order to correspond with demographic estimates of fertility. As disaggregated data were not available, we used HCV prevalence in each region for both urban and rural areas within regions. The risk of vertical transmission might also differ in urban and rural areas; some of these differentials might be due to variable proportions of births occurring in healthcare versus home setting and related infection control practices.
We applied the same risk of vertical transmission for both area types as we were unable to find rigorous studies assessing the extent and mechanisms of this differential in low-and middle-income countries. is that undiagnosed and untreated HCV infection expose chronically vertically infected children to long periods of chronic illness and sequelae that can be a far more financially and socially expensive burden than the cost of treatment.
In conclusion, our results showed that one in 260 children born in Pakistan in the two annual birth cohorts assessed in this study acquired HCV vertically. This ratio reached one in 205 in Punjab, the worst affected region. While we showed that vertical transmission in the high HCV prevalence and high fertility context of Pakistan is an issue of public health importance, this should not detract from other efforts to identify and reduce other HCV transmission routes which, according to our estimates, appear to constitute the majority of HCV infections among children under 5 years of age.
